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Background: At present, traumatic atlantoaxial dislocation or C2-3 instability complicating odontoid fractures remains
rarely reported. The aim of this study was to further investigate the surgical treatment strategies and curative effects for
odontoid fractures combined with instability of adjacent segments.
Methods: This is a retrospective study of 12 patients (5 females and 7 males; age, 21–65 years) who underwent
internal fixation for odontoid fractures (type II and shallow type III) and atlantoaxial instability in 6 cases, C2-3 instability
in 4 cases, simultaneous C1-2 and C2-3 instability in 2 cases between January 2005 and June 2012. Accordingly,
individualized surgeries were performed. Fracture healing and bone fusion were determined on X-ray scan. Upper
limbs, lower limbs and sphincter functions were assessed using the Japanese Orthopaedic Association (JOA) score.
Frankel grading system was used for the evaluation of neurological situation.
Results: Mean follow-up time of all 12 cases was 16.4 months (range, 12 to 48 months). Odontoid fracture healing was
obtained in all patients within 9 months, and graft fusion was achieved within 6 months. JOA score was significantly
improved from 6.3 ± 3.1 preoperatively to 11.1 ± 4.6 at 12 months after operation (P = 0.007), with 50.5 ± 25.7%
recovery rate and 66.7% excellent and good rate. Except one patient still had Frankel grade B neurological injury at 12
months after surgery, the other patients improved their neurological situation (at 1 grade in Frankel scale). One patient
developed wound fat liquefaction which resolved by changing the dressing. Cerebrospinal fluid leakage occurred in
three patients, which resolved after the continuous drainage for 2 days.
Conclusions: According to the characteristics of odontoid fractures, the individualized operative procedure should be
performed, resulting in high fracture healing rate, function recovery rate, and less, transient complications.
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Anatomically, the odontoid process, with its attached
ligamentous ring formed ventrally by the anterior arch
of the atlas and posteriorly by the transverse atlantal
ligament, is the keystone to maintain the stability of
atlantoaxial articulation [1,2]. Any disruption of the
odontoid process or the ligaments will predispose the
patients to atlantoaxial joint instability (e.g., dislocation
or subluxation) which further causes compression of the
spinal cord, nerve root, or vertebral artery [3], ultimately
leading to neurological damages or death [4]. In addition,* Correspondence: wangleikimi@hotmail.com
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unless otherwise stated.recent studies also reported the cases who sustained
odontoid fractures combined with instability of C2-3
[5-7]. The multiple fractures make their management
challenging for surgeons. At present, traumatic atlantoax-
ial dislocation [8-10] or spondylolisthesis of C2–3 [5-7]
complicating odontoid fractures remains rarely reported.
This study was a retrospective review of 12 patients who
suffered odontoid fractures combined with atlantoaxial
instability, C2–3 instability, or C1–2 and C2–3 simultan-
eous instability. We aimed to discuss the management of
these types of injury based in our experience.td. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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Patients
From January 2005 to June 2012, 12 patients (7 males
and 5 females; average age, 36 years, range, 21–65 years)
suffered odontoid fractures combined with instability of
adjacent segments and underwent internal fixation in
our hospital. The combined instability of adjacent segments
included atlantoaxial instability in 6 cases (atlantoaxial
dislocation/subluxation in 5 cases and atlas fracture in 1
case), C2–3 instability in 4 cases (C2-3 disc injury in 2
cases, Hangman fracture in 1 case and C3 fracture in 1
case), and C1–2 and C2–3 instability in 2 cases (atlan-
toaxial dislocation with C2–3 disc injury in 1 case and
atlas fracture with C2/3 dislocation in 1 case) (see
Table 1). The injury mechanisms were traffic accidents
in 8 cases and falling from a height in 4 cases. The upper
cervical spine deformities and degenerative diseases were
not involved in them. The mainly clinical symptoms
were occipital pain, limited neck mobility, torticollis
with limited neck movements, numbness in the upper
extremity, inability to exercise for lower extremity, and
other neurological symptoms. Odontoid fractures were
diagnosed by anteroposterior, lateral, and open mouth
(atlantoaxial) X-rays, computed tomography (CT) scan-
ning, three-dimensional (3-D CT) scanning, and magnetic
resonance imaging (MRI). There were 9 type II and 3
shallow type III fractures according to the classification
of Anderson and D’Alonzo [11]. The type II and rostral
‘shallow’ type III odontoid fractures represent highly
unstable entities [12]. Twelve patients manifested nerve
injury (Frankel grade A in 1 case, grade B in 2 cases, grade
C in 3 cases, and grade D in 6 cases) [13]. Due to the
retrospective nature of the study, no further approvals of
the patient or the local ethics committee were necessary.
Surgical strategies
All the 12 patients underwent internal fixation surgery
at 1–7 days after injury, with an average of 3.2 days.
According to the characteristics of odontoid fractures
and the stable condition of atlantoaxial joint and C2–3,
we applied different surgical methods as follows (see
Table 1). The patients with simple odontoid fractures
were treated by anterior odontoid screw fixation. If it
was difficult for odontoid screw placement, posterior
fixation was recommended. For odontoid fractures with
atlantoaxial dislocation or atlas fractures, posterior atlan-
toaxial pedicle screw fixation or occipital cervical fusion
was carried out if clinically indicated. For odontoid frac-
tures with C2–3 disc injury/Hangman fracture, the anterior
C2/3 discectomy, interbody fusion, and anterior cervical
plate fixation were used. For odontoid fractures with C3
fractures, posterior C2–3 pedicle screw or lateral mass
screw fixation were elected. For odontoid fractures with
C1/2 and C2/3 instability, posterior C1–3 pedicle screw/lateral mass screw fixation or combined with anterior sur-
gery was employed. If atlantoaxial pedicle screw placement
was difficult, occipitocervical fusion was used. Besides, no
significant transverse ligament rupture was observed via
MRI in six cases with odontoid fractures and atlantoaxial
dislocation/fracture atlas. Thus, interbody fusion was not
performed for them. The remaining patients underwent
anterior and/or posterior interbody fusion.
After operation, a drainage tube was placed for 24 to
48 h and antibiotics were routinely used for 1 to 3 days.
At 12–14 days after operation, the sutures were removed
and a plastic cervical gear was used for protection for 3
months. Follow-up visits were scheduled at 6 weeks, 3,
6, and 12 months after surgery.
Outcome measures
Fracture healing was defined as trabecular bridging the
fracture and faint fracture line on the cervical spine X-ray
[14,15]. Bone fusion was judged by less than 2° of move-
ment between the spinous processes on flexion-extension
lateral radiographs [16]. Movement of ≥2° on flexion/
extension radiographs was considered and regarded as
a pseudarthrosis [17]. If pseudarthrosis could not be
identified or excluded, CT scan was performed to evaluate
about fusion. The Japanese Orthopaedic Association (JOA)
scoring system for cervical myelopathy [18] (Table 2)
was used to evaluate the treatment effects at 12 months
after surgery compared with before operation. Recovery
rate was calculated by the following formula: (postoperative
score − preoperative score) / (17 [full score] − preoperative
score) × 100%. A recovery rate greater than 75% was graded
as excellent, 50% to 75% as good, 25% to 50% as fair, and
less than 25% as poor [19].
Statistical methods
All data were analyzed by Microsoft Excel 2010 (Microsoft,
Redmond, Washington) and using SPSS10.0 software (SPSS
Inc., Chicago, IL, USA). The difference between preopera-
tive and postoperative JOA score was analyzed by paired
t test. P < 0.05 was considered statistically significant.
Results
Mean follow-up time of all 12 cases was 16.4 months
(12 to 48 months). All the preoperative symptoms, includ-
ing occipital pain, limited neck activity, and torticollis
were favorably resolved after operation. On X-ray scan,
odontoid fracture union was obtained in all patients
within 9 months and bone fusion was achieved within 6
months, with an average of 5.3 months. For the 6 cases
without interbody fusion, the implants were removed after
an average of 9 months in order to restore atlantoaxial
rotation function. The straight alignment of the cervical
spine was maintained throughout the follow-up period.
No internal fixation loosening, extrusion or breakage,
Table 1 Thirty-seven odontoid fractures undergoing surgical fixation
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One patient developed wound fat liquefaction which was
resolved by changing the dressing. Cerebrospinal fluid
(CSF) leakage occurred in three patients, which was
healed after the continuous drainage for 2 days. JOA score
was significantly improved from 6.3 ± 3.1 preoperatively
to 11.1 ± 4.6 at 12 months after operation (P = 0.007),
with 50.5 ± 25.7% recovery rate and 66.7% excellent and
good rate. Except 1 patient still had Frankel grade B
neurological injury at 12 months after surgery; the other
patients improved their neurological situation (see Table 1).
The typical cases are shown in Figures 1 and 2.
Discussion
Odontoid fracture is a common traumatic upper cervical
spine injury, accounting for 10%–14% of all cervical spine
fractures [20]. However, the combination of atlantoaxial
instability, C2–3 instability, or simultaneous C1–2 andC2–3 instability with odontoid fractures is rare. In this
study, we reported the individualized operative procedures
for those patients and obtained the excellent outcome.
Anterior odontoid screw fixation is an effective surgical
approach for type II and type III odontoid fractures. This
method can provide immediate stabilization, cause less
postoperative pain, require no bone graft and preserves
normal atlantoaxial rotational motion [21,22]. Therefore,
anterior odontoid screw fixation was preferentially con-
sidered for our patients. However, if only the odontoid
fractures were reduced, the remaining atlantoaxial, C2–3,
or simultaneous C1–2 and C2–3 instability could lead
to high cervical spinal cord injury, resulting in quadri-
plegia or even death. Hence, we suggest to simultaneously
restoring C1/2/3 stability and odontoid fractures.
Due to the ease of dissection, the posterior approach
has been commonly used to stabilize the C1–C2. Previous
studies have demonstrated that pedicle screws can main-
tain a higher rotational and lateral bending stiffness
and withstand higher toggle forces (or pullout strength)
compared to the intralaminar screws [23], pars screws
[24,25], and lateral mass screws [26]. Thus, pedicle screws
may be the most biomechanically stable for atlantoaxial
fixation. In this study, we also attempted to reduce the
atlantoaxial dislocation or subluxation through posterior
pedicle screws fixation and achieved the favorable out-
comes, with the highest recovery rate up to 81.8% and
without complication (e.g., internal fixation loosening,
extrusion, or breakage).
If it is impossible to place screws into C1–C2 due to
atlas fracture, an occipitocervical fixation is usually advo-
cated [9,27]. However, this approach does not provide good
exposure of the articular processes due to the anatomical
characteristics of occipitocervical region, and the dura is
easily to be injured during surgery, leading to the develop-
ment of CSF leakage [9,28]. In this study, one patient
underwent occipitocervical fusion and presented postopera-
tive CSF leakage. However, this complication was transient
and resolved after the continuous drainage for 2 days.
It is technically feasible to treat C2–C3 instability by
anterior C2–3 discectomy followed by an interbody
fusion and anterior cervical plate fixation or posterior
C2–3 pedicle screw or lateral mass screw fixation
[6,29,30]. However, anterior stabilization in these injuries
may be mandatory from a biomechanical analysis [31].
The anterior approach not only clears the damaged disc
directly to relieve spinal cord compression, restore spinal
sequence, and reconstruct C2/3 stability but also causes
less injuries to spinal cord and artery [32]. If spinal cord
compression is from the posterior, a posterior approach
should be performed. In the present study, three patients
underwent anterior cervical plate fixation and one under-
went posterior C2–3 pedicle screw and lateral mass screw
fixation. Although the fractures were all healed after 6
Figure 1 A 34-year-old male patient developed pain symptoms, limited neck movement, and numbness of his two upper extremities
after traffic accidents. CT scanning (A) and 3-D CT (B) indicated fractures of the odontoid process of the axis and C1 before operation. Anteroposterior
(C) and lateral (D) cervical spine X-ray scanning showed a fracture line in the odontoid anterior after anterior screw and posterior atlantoaxial pedicle
screw fixation. 3-D CT showed bone fusion (E) and fracture healing (F) at 6 months after operation.
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(still B) were not significantly improved in the patient
with Hangman’s fracture. We believe that this may be
attributed to the serious nerve injury preoperatively
and thus suggest the surgery should be performed as
early as possible. In addition, fat liquefaction was observedFigure 2 A 43-year-old male patient developed pain symptoms and p
indicated fractures of the odontoid process of the axis (A), combined with
cervical spine X-ray scanning showed excellent reduction after posterior C1
after operation, the anteroposterior (E) and lateral (F) cervical spine X-ray sin one patient, which delayed the fracture healing and
bone fusion time.
We also reported two patients who sustained simultan-
eous C1–2 and C2–3 instability with odontoid fractures,
indicating that the C1–3 should be fixed. Previous study
recommended to use the C1–3 lateral mass screw fixationaralysis of two lower extremities by traffic accidents. CT scanning
C1–2 and C2–3 dislocation (B). Anteroposterior (C) and lateral (D)
–2 cervical pedicle screw and C3 lateral mass screws fixation. At 1 year
canning suggested bone fusion and no displacement of the implant.
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and anti-subsidence effects. However, this method is diffi-
cult to operate and requires imaging equipment to moni-
tor, likely resulting in vertebral artery injury. However, no
bleeding or infection was observed in our two patients,
but postoperative CSF leakage occurred. We speculate
that this may result from the mesh-like holes in the dura
because of the long-term severe compression [28].
However, the study has some potential limitations.
Firstly, as a retrospective study, patients were not ran-
domly assigned to a surgical procedure. The choice of
surgery might be biased by the surgeons’ preference based
on the preoperative condition of the patient. Secondly,
because the combination of atlantoaxial instability, C2–3
instability, or simultaneous C1–2 and C2–3 instability
with odontoid fractures is rare, it was difficult to obtain a
sufficient number of patients. Thirdly, the follow-up period
was short. Therefore, future studies with large sample size
and longer-term monitoring need to be performed to verify
our results.
Conclusions
Overall, our study reported cases who suffered odontoid
fractures combined with atlantoaxial instability, C2–3
instability, or simultaneous C1–2 and C2–3 instability
and investigated the individualized operative procedures
for them. Although there were transient complications
(e.g., CSF leakage or fat liquefaction) postoperatively, all the
fractures were favorably healed, the JOA and neurological
situation were significantly improved. These indicate that
our surgical strategies may be reasonable, but further ran-
domized controlled studies with large sample size are still
needed to confirm our conclusion.
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